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he Upper Mississippi River
System (Figure 1) includes the
Illinois and the upper Missis-
sippi Rivers (UMRBC 1981)—two
of the very few large floodplain-
river ecosystems in the developed
world that still retain seasonal flood
pulses and half their original flood-
plains (50% of the original com-
bined floodplain area of 1,038,000
ha along the two rivers remains
unleveed [Mills et al. 1966, Delaney
and Craig 1997]). These are work-
ing rivers: 126 million tons of cargo
are transported annually on 2167
km of navigable waterways (USACE
1997). Most of the cargo comprises
corn, soybeans, and wheat shipped
from the Corn Belt of the United
States to New Orleans for shipment
overseas, prompting Hoops (no date)
to characterize the Upper Mississippi
River System as “a river of grain.”
Despite levees and modifications
for navigation, the rivers and their
floodplains still form a complex
mosaic of main and side channels,
floodplain lakes, and seasonally in-
undated wetlands that support 485
species of mussels, fishes, amphib-
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After a century of
draining wetlands for
agriculture, preventing
floods with levees, and
maintaining water levels
for navigation with
dams, relaxation of
constraints on both high
and low water levels is
a radical idea

ians, reptiles, birds, and mammals,
including nine species that are feder-
ally listed as threatened or endan-
gered and 50 that are listed as rare,
threatened, or endangered by the five
states of the Upper Mississippi River
System (USACE 1997). More than
40% of North America’s migratory
waterfowl and shorebirds depend on
habitat provided by the Upper Mis-
sissippi River System. One thousand
licensed commercial fishermen take
5.5 million kg of fish worth $2.5
million annually (UMRCC 1992-
1995, Williamson 1996). From 1988
through 1990, 8 x 10¢ kg of mussel
shells from the rivers, worth $9.6
million, were shipped to marine pearl
farms around the Pacific Rim, where
the river shells were cut and rounded
into nuclei to be inserted into pearl
oysters (Thiel and Fritz 1993). The
economic value of river-based recre-

ation (e.g., boating, hunting, fish-
ing, bird watching, and sight-seeing)
dwarfs the value of commercial har-
vests: $1.2 billion and 18,000 jobs
are generated in the US economy by
outdoor recreation in the Upper
Mississippi River System (Carlson
1993). Many of the commercial and
recreational uses of the rivers de-
pend on the richness of species and
the high biological productivity of
the rivers, which depend in turn on
the annual advance and recession of
floods (Bayley 1995, Sparks 1995).

In this article, we assess the de-
gree of change in the flow regimes of
the Illinois and upper Mississippi
rivers and describe ongoing efforts
to restore or naturalize the regimes.
We begin by describing the natural
pattern of water level variation and
its importance, both to organisms
and ecosystem processes, prior to
large-scale human alteration. Next,
we explain how navigation dams,
drainage of uplands and floodplains,
and changes in precipitation patterns
have altered the flood regimes. (Navi-
gation dams are designed to pass
great floods, such as the Midwest
flood of 1993—a natural disturbance
that killed trees on the floodplains,
reset succession, and affected many
other taxonomic groups and ecosys-
tem processes.)

We next describe several contrast-
ing perspectives regarding threats to
the two rivers and discuss the feasi-
bility of naturalizing or restoring
water and sediment regimes. We use
the National Research Council (NRC
1992, p. 18) definition of restora-
tion, which has fairly stringent re-
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quirements: returning an ecosystem
to a close approximation of a condi-
tion that existed prior to human al-
teration. Naturalization has less
stringent requirements: The goal is
to shift some components of an al-
tered ecosystem (e.g., riparian veg-
etation) closer to a natural condi-
tion, while maintaining or enhancing
existing economic and social uses of
the ecosystem (Rhoads and Herricks
1996). Finally, we assess several ap-
proaches to flow naturalization, in-
cluding controlled flooding and de-
watering in leveed compartments on
the floodplain, and altered dam op-
erations on the mainstem river. These
approaches are applicable to other
rivers with navigation dams and lev-
eed floodplains.

Natural flooding

The relatively undisturbed flood re-
gime along the Illinois and upper
Mississippi Rivers is documented by
daily readings of water levels at sev-
eral locations, beginning in 1878
(Figures 2 and 3). Drainage of the
floodplains and uplands in the corn
belt of the Midwest had already be-
gun in the 1870s but was not yet
extensive. In the 1880s, upland drain-
age for agriculture accelerated, in-
creasing the rate of delivery of sea-
sonal runoff into the Illinois River so
that water entered the river and its
floodplain more rapidly and nearly
simultaneously from many tributar-
ies (Kofoid 1903). As a result, the
rate of rise of the spring flood in the
Ilinois River and on its floodplain
increased 22%. However, the rate at
which the spring flood receded re-
mained nearly the same because the
intact floodplain had an enormous
water-storage capacity (1813 square
km filled to a depth of several meters).
Because of the extremely shallow
downstream slope of the Illinois River
and its floodplain (only 2 cm/km
[Cooley 1891 as cited in Kofoid
1903]), the water moved slowly down
to the single exit into the Mississippi
River.

Two additional factors were im-
portant in retarding the recession of
the flood on the Illinois River. First,
the timing of the spring flood in the
upper Mississippi River usually over-
lapped with the flood in the Illinois.
As a result, the high water in the
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Figure 1. The Upper
Mississippi River Sys-
tem. Following the con-
vention of the US Army
Corps of Engineers, the
navigation dams on the
Illinois River are named
and those on the upper
Mississippi River are
numbered. Only a few
damsarelabeled toavoid
crowding the figure.

Mississippi acted as
a hydraulic dam,
slowing the drainage
of the lower 250 km
of the Illinois River
and even backing
water up the Illinois
(Cooley 1891 ascited in Kofoid 1903,
Akanbi and Singh 1997). Second,
the stems and leaves of living vegeta-
tion on the floodplain and shoreline,
and the dead woody debris in the
bottom of the river and along the
banks, increased the water flow re-
sistance and slowed the flow in the
main channel of the river and in the
channels that carried water off the
floodplain (Dawson and Charlton
1988, Pitlo and Dawson 1990, Maser
and Sedell 1994).

The lengthy flood was important
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for the fish fauna of the river. A long
(six weeks or more), slowly receding
spring flood is critically important
to the many fishes that use the ex-
panded littoral zones of the flood-
plain lakes and the inundated flood-
plain itself as spawning and nursery
sites. Basses, crappies, and sunfishes
(Centrarchidae) build nests in shal-
low water, and catfishes (Ictaluridae)
build nests or use natural cavities
(undercut banks, root masses of trees,
burrows of muskrats and beavers) for
their eggs and newly hatched young,

138
. 1878 1879 | 1880 | 1881 | 1882 | 1883 |1884 |1885 1886 |1887 | 1888
/_‘;)\ 134 A o M n '.!l h'. m M " A "
£ 132 W\\,.AVW] (WY ‘U
) 138
8 1889 | 1890 | 1891 | 1892 | 1893 | 1894 (1895 |1896
8 136
‘; 134 M k'n
3 132 WM,..J/\I\._,J . UJ\.\A__
[)]
138
g 136 1975 | 1976 | 1977 | 1978 [\1979 1980 |1981
T>’ 134 ' I i Auh " M\
= WA W W
- 132 u
o 138
= 1990 | 1991 [1992 |199 1994
@ 136
134 J'AU .

132

WP

Figure 2. Daily water-level hydrographs (in meters above mean sea level, msl) at Illinois

River mile 137 before water diversions and

modern navigation dams (1878-1899) and

after many alterations in the watershed and river (1975-1996). Each block shows an

entire year, from 1 January to 31 Decem

ber. In the recent period, river levels are

noticeably more erratic (spikier), major floods are higher and more frequent, and there
are fewer years with low, stable water levels during the summer growing season. Low,
stable water levels are essential for moist-soil plants and aquatic vegetation growing in
permanent floodplain lakes and backwaters. The horizontal line indicates a flood
elevation at which economic damage occurs.
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Figure 3. Same data as in Figure 2, but years are widened and stacked one behind the
other to emphasize the low-flow “valley” that typically occurred during the summer
growing season prior to 1900, but not in more recent years.

which can be stranded if the water
drops too quickly (Pflieger 1975,
Sparks 1995).

The increase in the flood’s rate of
rise, beginning in the 1880s, did not
adversely affect fish recruitment and
growth, judging by the commercial
fish yield, which increased from 2.7
million kg in 1894 to 6.4 million kg
in 1899. These increases undoubt-
edly reflect the growing market de-
mand for fish, including the com-
mon carp (Cyprinus carpio), which
was intentionally introduced into the
Illinois River in 1885 (Forbes and
Richardson 1920). Because good
documentation of fishing effort is
not available, it is not possible to
calculate yields per unit of fishing

effort. However, the total yields in-
dicate that fish remained exception-
ally abundant through the turn of
the century. Many of the fishes that
we consider game fish today were
harvested commercially in the late
nineteenth century; for example,
people earned a living by catching
largemouth bass (Micropterus sal-
moides) with cane poles for the local
market. In 1897, the fish markets in
the small Illinois River town of Ha-
vana handled a remarkable 15,930
kg of bass commercially (Cohen et
al. 1899).

Once the flood receded, water lev-
els generally remained low and stable
during the summer growing season
for wetland plants (Figure 3). In most

Table 1. The Mississippi is divided into six segments based on the percentage of the
floodplain that is leveed: the headwaters in Minnesota; the upper Mississippi
(north) from St. Paul, Minnesota, to Dam 13 at Clinton, lowa; the upper Mississippi
(south) from Clinton to the mouth of the Missouri River near St. Louis; the middle
Mississippi from St. Louis to the mouth of the Ohio River; the lower Mississippi
from the Ohio to approximately Baton Rouge, Louisiana; and the deltaic plain south
of Baton Rouge (Delaney and Craig 1997).

Segment of Mississippi Area Percentage of flood-
River (MR) Length (km) (x 1000 ha) plain that is leveed
Headwaters 805 133 Less than 0.01
Upper MR, north 554 201 3

Upper MR, south 526 407 53

Middle MR 314 268 82

Lower MR 1167 10,117 93

Deltaic plain 399 1214 96

Total 3765 12,340 90
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years, water levels rose in the fall,
making the summer’s production of
seeds and tubers accessible to flocks
of waterfowl that were migrating
south to their wintering grounds.
Fish also used fall floods to access
wintering areas, where the water was
deep enough so that it would not
freeze to the bottom and current
velocities were low enough that fish
did not have to expend energy swim-
ming (Sparks 1995).

Although the upland drainage
prior to 1900 apparently had little
effect on biota in the floodplains of
the Illinois River, subsequent changes
in the uplands and in the rivers did.
Changes in the mean low water level
(rather than flow) and in the sea-
sonal timing, duration, frequency,
and rate of fall of the floods turned
out to be particularly important to
the entire river—floodplain ecosys-
tem in the Illinois and upper Missis-
sippi Rivers.

Effects of agricultural levees
and navigation dams

In the well-watered Midwest, hu-
mans have worked for over a century
to drain water off the land as rapidly
as possible and to use floodplains for
dryland agriculture. By 1930, ap-
proximately half of the floodplain
along the Illinois River and the por-
tion of the upper Mississippi border-
ing Illinois and Iowa was leveed and
drained for agriculture (Scarpino
1985, Thompson 1989). The degree
of leveeing varies from north to south:
Over 90% of the floodplain remains
unleveed in Minnesota and Wiscon-
sin, whereas more than 90% of the
floodplainis leveed in Arkansas, Mis-
sissippi, and Louisiana (Table 1).
Not only is water delivered to the
mainstem rivers much more rapidly
than in the 1870s because of upland
drainage, but also the capacity of the
floodplain to store and slowly con-
vey floodwater downstream has been
reduced by the levees that constrict
the floodplain. The modern flood-
plain acts less like a reservoir and
more like a constricted channel. The
result is a water-level hydrograph
that is “spikier” at both high and
low river stages (Figures 2 and 3).
During the 1930s, 28 low naviga-
tion dams were constructed on the
Mississippi River upstream from St.
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Figure 4. Operation of a wicket dam.
During high water, the wickets pivot down
onto the bottom of the river (dashed
outline).

Louis, and five were constructed on
the Illinois River. In contrast to high
dams, which store flood water, the
navigation dams maintain a mini-
mum depth of 2.7 m for commercial
boat traffic during low-flow peri-
ods; the navigation dams do not stop
infrequent, great floods or most
spring floods. In fact, during floods
the dam gates are lifted out of the
water or lowered to the bottom of
the river (e.g., at Peoria and La
Grange on the Illinois River; Figures
4 and 5) to avoid increasing flood
heights and flood damage upstream
of the dams. Many of the dams on
the upper Mississippi have relatively
low earthen berms running from the
gates to the river bluff that are de-
signed to be overtopped during ma-
jor floods. During the height of the
spring flood, the Illinois is open from
the Starved Rock Dam to the
confluence with the Mississippi, a
distance of 372 km, and the Missis-
sippi is open from Dam 19 to the sea,
a distance of 2156 km (there are no
dams south of St. Louis)—thus al-
lowing fishes, including the Ameri-
can eel (Anguilla rostrata), which
spawns in the Sargasso Sea east of
Cuba, to migrate. Although the navi-
gation dams do not stop major floods
or fish migration during floods, they
do alter the seasonal water level pat-
tern and permanently inundate por-
tions of the floodplain.

Permanent effects of navigation
dams. Many of these dams perma-
nently inundate portions of the flood-
plain immediately upstream of the
dam by not allowing the river to
drop as low as it once did during the
summer low-flow season (Sparks
1995). Permanent inundation of the
floodplain following construction of
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Vickets
up

Figure 5. The La Grange Dam (Illinois river mile 80.2), with the wickets raised. The river

is flowing over the top of the wickets.

the dams killed vegetation, includ-
ing forests, which were replaced in
many areas by submersed aquatic
vegetation (Yeager 1949, Mills et al.
1966, Nelson et al. 1996). Even in
floodplain areas that still dry out
during the summer, the water table
rose sufficiently when the dams went
into operation that
species of trees that
require unsaturated
soil during the grow-
ing season were
killed (Figure 6; Yin
and Nelson 1996,
Yin et al. 1997).

Effects of dams on =
seasonal water re-
gimes. By not letting

Figure 6. Relationship
between soil surface and
water surface on the
same day in Reach 26
of the upper Mississippi
River. (a) At Mississippi
River mile 205, four
miles upstream from
Dam 26, the river is not
allowed to drop as low
as it once did; conse-
quently, the soil surface
is close to the water sur-
face. Few tree species
tolerate such a shallow
depth of unsaturated
soil. (b) Thirty-six miles
upstream from Dam 26,
the unsaturated soil
depth is much greater.

the rivers get as low as they once did,
navigation dams typically reduce the
range of water-level variation over a
distance ranging from one-half to
two-thirds of the distance upstream
to the next dam. Moreover, the gates
are operated to pass moderate floods
without raising water levels up-

<———— Unsaturated

, Unsaturated
“« = s0il depth
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Natural floods

season

0 100

Meters above msl

Day of the year

1994

Figure 7. 1994 daily water levels within the La Grange Reach of the Illinois River,
illustrating spikes and drops in water levels caused by dam operations. One can imagine
standing on the La Grange Dam and looking upstream several miles at the water surface.
The lowest (thick) line is the water elevation closest to the observer (Illinois River mile 80,
at the dam), the middle line is in the middle distance (38 miles upstream from the dam),
and the upper line is farthest upstream (78 miles). During low to moderate floods (e.g.,
in June, indicated by a) water levels near the dams actually drop (indicated by b and by
arrows) because wickets are lowered or gates are opened (La Grange Dam has both).
Unnatural drops in water levels in December and January (arrows) can kill fish in their
winter refuges. Unnatural rises (spikes indicated by inverted triangles) caused by releases
from the upstream dam during the summer growing season can drown plants growing on
moist soil. The spikes smooth out by the time they reach the dam. The dam has no effect
on the pattern of the major spring flood (two crests, March through May).

stream, further reducing natural varia-
tion. The dam operating procedures at
the first three dams on the upper Mis-
sissippi River upstream from St. Louis
and at the La Grange and Peoria dams
on the Illinois River often invert the
natural water regime: The floodplain
and backwaters drain during moder-
ate floods in the spring and fall, and
they flood during the summer growing
season (Figure 7; Sparks 1995).

Short-term fluctuations. The navi-
gation dams at La Grange and Peoria
on the Illinois River cannot control
water levels as precisely as gates;
these dams consist of individual wick-
ets or panels that are either entirely
up or down, whereas individual gates
in other navigation dams can be
raised or lowered incrementally (Fig-
ures 4 and 5). The wickets are not
raised until water levels have dropped
low enough so that water upstream
of the wickets will be at least 61 cm
higher than the water downstream.
This procedure is necessary to keep
the wickets pressed firmly against
their downstream supports. Conse-
quently, water levels near the wicket
dams first drop, then rise quickly
when the wickets are raised. Addi-
tional short-term fluctuations may
occur if the operation of the wicket
dams cannot be coordinated perfectly.
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For example, when the upstream dam
at Peoria is raised but the down-
stream dam at La Grange cannot be
raised on schedule because of equip-
ment problems, the La Grange Reach
downstream of Peoria drains par-
tially, dropping water levels between
La Grange and Peoria excessively.
Although most public attention
focuses on major floods, which have
been increasing in frequency and
height (Figure 2), ill-timed minor
floods and small drops in water lev-
els occur every year in the upper
Mississippi and Illinois Rivers, dam-
aging floodplain vegetation and
fishes. Small, abrupt rises during the
summer growing season drown the
moist-soil plants that provide seeds
and tubers for migratory waterfowl
in the fall (La Grange Reach; Figure
8). Abrupt drops at any time of the
year can strand and kill fish in shal-
low backwaters and floodplain lakes
(Figure 8). Even if the backwaters do
not drain completely, fish may die
from low dissolved oxygen or tem-
perature extremes in shallow water.

The Midwest flood of 1993

Major, infrequent floods arise from
infrequent natural causes, such as
unusually heavy rains (the Midwest
flood of 1993) or rapid melting of an

unusually thick accumulation of
snow (the 1997 flood on the Red
River of the North in the Dakotas,
Minnesota, and Manitoba). In addi-
tion, alterations in watersheds, flood-
plains, and rivers themselves con-
tribute to the well-documented trend
of increasing flood heights for a given
flow (Belt 1975, Leopold 1994).
Long-term meteorological trends are
also contributing factors: Rainfall
during the four-month flood season
(March-June) in the upper Illinois
River in the past 20 years is 25%
higher than it was in the previous 60
years (Singh and Ramamurthy 1990).
And 30-year shifts in flood frequency
and magnitudes in the upper Missis-
sippi have been related to changes in
the prevailing patterns of atmo-
sphericcirculation (Knox 1985). The
rains of 1993 lasted well beyond the
normal rainy season of April-June,
with consequences that extended
from upland farms to the floodplains
of the Mississippi and beyond, to the
Gulf of Mexico.

Hydrological characteristics. The
Midwest flood of 1993 lasted an
unusually long time, extending into
the summer growing season, when
water levels are normally low (Fig-
ures 8 and 9). The flood began in
April, during the normal flood sea-
son, but multiple peaks continued
through the entire summer, and the
river did not drop below flood stage
at St. Louis until 30 September (Fig-
ure 8; Southard 1995). In terms of
peak flood elevation and peak daily
flow, the 1993 flood had a recur-
rence interval of greater than 100
years at St. Louis, but of only 10-50
years downstream of St. Louis at
Chester and Thebes, Illinois (Parrett
et al. 1993). However, in terms of
mean daily flows sustained for 120
consecutive days, the recurrence in-
terval exceeded 100 years at all three
gaging stations (Southard 1995). An-
other indication of the extreme du-
ration of the 1993 flood is that
whereas only 24 of the 60 gaging
stations used by Southard (1995) set
new records for sustained three-day
flows, 47 of the stations set new
records for 120-day flows.

Effects on floodplains and the Gulf

of Mexico. The heavy rains fell on
Midwestern upland prairie soils that
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had high nutrient concentrations
even before annual additions of com-
mercial fertilizer. Consequently, nu-
trient-rich sediments were deposited
on the remaining unleveed flood-
plains of the mainstem rivers and in
leveed areas where levees broke; they
were also delivered to the Gulf of
Mexico. In the flooded floodplains,
soil microbial processes, including
decomposition of organic matter,
were reset to high levels, and nutri-
ent stores will probably be well in
excess of plant growth requirements
for several years (Spink et al. 1998).

If more of the floodplains and
Mississippi Delta had been allowed
to flood, more nutrients would have
been retained and fewer would have
been injected directly into the Gulf,
where nutrient concentrations five
to ten times higher than in previous
years caused an order-of-magnitude
increase in phytoplankton near the
water’s surface (Rabalaisetal. 1998).
When the phytoplankton died and
sank, the oxygen demand from de-
composition contributed to a dou-
bling of the areal extent of hypoxic
water on the bottom of the Gulf,
which threatens valuable fishes, crus-
taceans, and mollusks (Figure 8;
Rabalais et al. 1998). Despite a re-
duction in nitrogen loading from the
river in the years following the 1993
flood, the hypoxic zone has not
shrunk to its pre-1993 dimensions,
perhaps indicating that nutrients
delivered in 1993 are being recycled
from the Gulf sediments (Rabalais et
al. 1998).

Effects on populations. The dura-
tion of flooding and the resulting
biological impacts varied from up-
stream to downstream and with land
elevation within the floodplain.
Flood duration was critical; if soils
are saturated long enough for anoxic
conditions to develop, the roots of
terrestrial plants eventually die and
water is no longer transported up-
ward to stems and leaves. A number
of mature trees in the floodplain had
brown, drying leaves in 1993, even
though they were standing in wa-
ter—as though a drought, rather than
aflood, were occurring! Smaller trees
generally fared less well than taller
trees of the same species because their
crowns were completely covered by
water (Yin et al. 1994). Mortality of
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Figure 8. Water-level
hydrographs (feetabove
mean sea level) at six
locations along the Mis-
sissippi River and one
location on the Illinois
River. The 1993 flood s
the upper line in each
hydrograph; the lower
line is the average daily
water level since the g;]
navigation dams were
completedinthe 1930s. 1891
The shaded area in the
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American elm (Ul-
mus americana) was 181
high because elms
are generally young

understory trees. 6 [Natchez

(American elm suc- Jan. Jun.

cumbs to Dutch elm
disease when it reaches maturity.) If
any mature elms had been present,
they probably would have survived.
Trees growing on natural levees,
swells, and terraces in the floodplain
can tolerate brief floods during the
growing season, but the critical du-
ration was clearly surpassed in the
vicinity of St. Louis and downstream
to the Ohio River, where virtually all
individuals of the following species
were killed: dogwood (Cornus spp.),
eastern redbud (Cercis canadensis),
hackberry (Celtis occidentalis), pin
oak (Quercus palustris), shagbark
hickory (Carya ovata), and shellbark
hickory (Carya laciniosa). Mortality
was even high in some stands of flood-
tolerant eastern cottonwood (Populus
deltoides) and sycamore (Platanus
occidentalis).

During the winter following the
flood, the bark of many sycamore
trees fell off the base of the trees
below the flood line, perhaps be-
cause of water freezing under the
bark. These damaged sycamores are
now highly susceptible to disease and
insect infestation. Woodpeckers
(Picidae) are thriving, using standing
dead trees to feed and to excavate
nest cavities that are used subse-

kilometers

quently by raccoons (Procyon lotor),
squirrels (Sciuridae), Carolina wrens
(Thryothorus ludovicianus), owls
(Tytonidae and Strigidae), protho-
notary warblers (Protonotaria
citrea), tree swallows (Iridoprocne
bicolor), wood ducks (Aix sponsa),
and other cavity nesters.
Life-history traits, particularly
mobility and degree of adaptation to
flooding, were critical in determin-
ing the effects of flooding on various
taxonomic and functional groups of
organisms. Several species of aquatic
plants in the northern part of the
river survived by growing upward
into the lighted zone as the flood
rose, but aquatic vegetation was
eliminated farther south (Spink and
Rogers 1996). Conversely, fugitive
species (sensu Hutchison 1951),
which are restricted to ephemeral
habitats that often result from dis-
turbance events, such as flooding,
benefited from the flood (Smith et al.
1998, Sparks and Spink 1998). For
example, the decurrent false aster
(Boltonia decurrens), a perennial forb
that occurs principally along the Illi-
nois River, requires regular flooding
to remove competitors for light and
to provide fresh mudflats on which
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seeds can germinate. Thisrare, threat-
ened species increased following the
flood of 1993, particularly where
flooding was most severe (Smith et
al. 1998).

Among the animals, mussels
showed no adverse effects, probably
because it makes little difference to
these mostly channel-dwelling,
benthic species how much water is
passing overhead (Miller and Payne
1998). Fishes actually benefited from
the flood, which lasted through the
reproductive and growth seasons of
both early and late spawners (Sparks
1996). At the confluence of the Illi-
nois and upper Mississippi Rivers,
juveniles from 52 species and 15
families of fishes were collected on
the floodplain during the flood
(Maher 1994). The proportion of
young fish of several species that
nest in shallow water increased, as
did these species’ growth rates
(Bartels 1995, Raibley and Sparks
1997). The flood provided access to
freshly inundated firm soil and ter-
restrial vegetation for sunfishes and
basses, which require firm substrates
for their nests. The permanent flood-
plain lakes and backwaters often have
soft, muddy bottoms that are unsuit-
able for nests. Young fishes produced
during 1993 are likely to affect
aquatic communities (as well as fish-
ing opportunities) for several years
through predator—prey and competi-
tive interactions.

Community-level consequences. The
community-level consequences of the
1993 flood were qualitatively differ-
ent from those of shorter-duration
floods. Trees and shrubs were killed
from the roots upward during this
flood, so they could not put out new
leaves or resprout from belowground
parts, as they might have done fol-
lowing a briefer flood. The entire
understory was eliminated in sub-
stantial portions of the floodplains
within approximately 150 km of St.
Louis. Consequently, no saplings
were available to grow following the
death of the overstory trees (cotton-
woods). Such saplings usually are
available when mature trees die from
other causes or are downed by wind.
Species with some individuals grow-
ing on river bluffs or terraces above
the floodline and whose seeds are
abundant, light, and dispersed aeri-
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ally (e.g., cottonwoods), might be
expected to win the race to repopu-
late the floodplain. In contrast, sev-
eral species of native oaks (including
pin oak) and pecans (Carya illinoen-
sis) may not reestablish stands be-
cause surviving seed sources are now
very rare and far apart and because
these species produce large numbers
of seeds infrequently. Moreover,
these seeds have relatively short pe-
riods of viability and, being heavy,
are dispersed over relatively short
distances.

Pioneer tree species (willow and
cottonwood) had persisted in the St.
Louis-to-Ohio River reach of the
Mississippi because channel mean-
dering alternately scoured and re-
built portions of the floodplain.
However, since 1927, when the river
channel was stabilized for naviga-
tion, the forests had been changing
to silver maple (Acer saccharinum)
and box elder (Acer negundo). After
the 1993 flood, seedlings were pre-
dominantly willow and cottonwood.
The flood substituted for channel
meandering in resetting succession
(Yin 1998).

As events in 1995 demonstrated,
the successional trajectory of the
floodplain plant community has been
and will continue to be extremely
sensitive to the effects of subsequent
floods in the years following the 1993
flood. Both cottonwood and silver
maple seedlings are vulnerable to
frequent, low-level floods until they
are tall enough that their leaves are
above the floodline. Although it was
of much shorter duration, the flood
of 1995 was higher in some parts of
the floodplains of the upper Missis-
sippi than the 1993 flood, and it
killed extensive tracts of seedling
trees. Forest regeneration along the
upper Mississippi may be continu-
ously reset until a series of drought
years and low river levels allow trees
to grow sufficiently tall to survive
subsequent flooding. However, if
droughts dry the standing and
downed timber left by the 1993 flood
sufficiently to facilitate fires, exist-
ing floodplain prairies could expand.
Periodic fires probably helped to
maintain prairies on the floodplains
and adjacent bluffs through 1817,
when surveyors’ records indicate that
41% of the floodplain at the con-
fluence of the Illinois and upper Mis-

sissippi Rivers consisted of prairie,
rather than forest (Nelson et al.
1994). Prescribed burning, as well as
managed flooding, might therefore re-
store the native plant communities of
the floodplains of the large Midwest-
ern rivers (Nelson and Sparks 1998).

Dead wood along the banks and
edges of the floodplain forests is car-
ried away during subsequent floods,
becomes waterlogged, and then sinks
or lodges elsewhere. Since 1993, an-
nual floods in the upper Mississippi
River have been transporting notice-
ably more dead wood downstream,
clogging dam gates and locks but
also providing solid substrate for
many freshwater invertebrates and a
source of carbon for marine inverte-
brates as far distant as the ocean
(Maser and Sedell 1994).

Managed floods

Infrequent great floods will continue
to occur in the floodplains of the
Illinois and upper Mississippi Rivers
because navigation dams do not stop
floods, because levees have design
limits, and because unusually heavy
and protracted rains will come again.
In contrast, humans will determine
whether seasonal small floods and
low water levels will follow the natu-
ral pattern (to which the biota are
adapted) or become increasingly er-
ratic. One approach to re-creating
the natural water-level pattern has
been to isolate relatively small par-
cels of floodplain behind low levees
that can exclude small rises in water
level (the “spikes” in Figure 7) dur-
ing the summer growing season.
Newer approaches include modifi-
cation of navigation dam operations
to naturalize water-level regimes and
thereby benefit plants and animals over
extensive reaches of river and flood-
plain between the navigation dams.

Controlled seasonal flooding of
floodplain compartments. Federal
and state waterfowl refuges, public
hunting areas, and private water-
fowl hunting clubs along both the
Illinois and upper Mississippi Rivers
use low levees as well as pumps or
gates to expose mudflats during sum-
mer, thereby encouraging the growth
of moist-soil plants. Water levels are
then raised during the fall to the
preferred shallow feeding depth of
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dabbling ducks (in contrast to diving
ducks, which find their food by div-
ing in deeper water). The levees sur-
round floodplain compartments that
can be drained by gravity, if the river
is low enough, or with pumps, if it is
not. The low levees and gates ex-
clude the frequent small fluctuations
in the river that would drown the
moist-soil plants. In the fall, water is
pumped into the compartments from
the river, or the gates are opened if
the river rises. The flooding pattern
is usually tailored to the require-
ments of native species of moist-soil
plants, although some managers sow
Japanese millet or corn to attract
and feed waterfowl. The require-
ments of the various food plants are
sufficiently well known that man-
agement manuals have been devel-
oped (Fredrickson and Taylor 1982).

The low levees are overtopped by
the typical spring flood, allowing
fish access to the compartments to
spawn. However, fisheries managers
are concerned that adult and young-
of-the-year fishes will not be safely
returned to the river when the com-
partments are drained or pumped
out. Another issue is whether the
floodplain compartments provide
winter refuges for fish.

Periodic controlled drawdowns. Dry-
ing and compaction of sediments
every few years might restore back-
waters that are now filled with wa-
tery sediments and devoid of sub-
mersed aquatic vegetation. These
drawdowns would be more extreme
than the seasonal water manipula-
tions described above and would be
done infrequently (Theiling 1995).
For example, at the Chautauqua Na-
tional Wildlife Refuge on the Illinois
River, the floodplain lake was
pumped dry during the summer of
1994 to rebuild the low levees and to
construct gates and spillways. Sev-
enty-seven species of aquatic and
moist-soil plants germinated that had
not been seen on this area since the
1988-1989 drought, and submersed
aquatic vegetation appeared in sev-
eral small pools that formed in the
tread ruts of construction machin-
ery. This 1619 ha area attracted a
peak of 460,000 waterfowl on 29
November 1994—45% of the total
migrating population in a censused
area of the upper Mississippi Flyway

September 1998

that includes the rivers and their
floodplains and backwaters along
422 km of the upper Mississippi and
351 km of the Illinois (Ross Adams,
Chautauqua National Wildlife Ref-
uge, Havana, Illinois, personal com-
munication).

On the upper Mississippi, four
small-scale drawdown projects have
been conducted in the past few years.
Although the amount of floodplain
surface affected by these drawdowns
is small relative to the total flood-
plain, these pilot experiments are
designed to show whether draw-
downs of an entire navigation reach
would provide sufficient ecological
benefits to outweigh temporary con-
straints on commercial navigation
and recreational boating. In 1996
and 1997, Wisconsin and Minnesota
funded, implemented, and monitored
two local drawdowns along the up-
per Mississippi River that increased
the abundance and diversity of emer-
gent aquatic plants. But these draw-
downs also revealed several logisti-
cal problems that must be anticipated
in similar projects: maintenance of
pumps that may have to run inter-
mittently for many weeks, rain, seep-
age through levees, groundwater in-
flows, and muskrat burrows that
damage levees. An additional small-
scale drawdown project, located in
Reach §, took place in the summer of
1997. The site was selected in part
because of its public visibility, and
the drawdown was used as an educa-
tional opportunity as well as for its
experimental value.

Using navigation dams to naturalize
flood regimes. Navigation dams af-
fect water levels over much larger
areas than small-scale drawdowns.
At the request of the Missouri De-
partment of Conservation, the St.
Louis District of the US Army Corps
of Engineers experimented with an
altered regulation strategy starting
in 1994 in navigation reaches 24-26
(Wlosinski and Hill 1995, Wlosinski
and Rogala 1996). Missouri’s initial
request was to hold the water in
Reach 25 at 0.15 meter lower than
the maximum regulated level for a
period of 20 days (Busse et al. 1995).
The Corps determined that this re-
quest could be satisfied while still
maintaining the minimum naviga-
tion depth of 2.7 m. The drawdowns,

which were done in reaches 24, 25,
and 26, resulted in abundant growth
of emergent vegetation over a total
of approximately 202-243 ha of
mudflats, which would ordinarily
have remained shallow, muddy, and
without rooted vegetation.

Other districts of the Corps are
now planning experimental draw-
downs. The St. Paul District analyzed
the probable effects on vegetation
and recreational use of drawdowns
of different magnitudes and at dif-
ferent river discharges in Reach 8
(WLMTF 1996), and a public infor-
mation and education campaign is
under way to explain the purpose
and likely outcomes. As these ex-
periments indicate, both state and
federal natural resource management
agencies understand that variation
in water levels maintains the struc-
ture and function of river—floodplain
ecosystems, and managers are begin-
ning to think at scales beyond moist-
soil compartments or even single
wildlife refuges.

Conclusions and
recommendations

Large rivers and their floodplains
are used for many purposes and can-
not be wholly protected within parks
and reserves. Some would argue that
restoration (approximating a condi-
tion prior to human alteration) is not
even a viable policy option for large-
river systems. So how is it possible to
move beyond improvement of fish
and wildlife habitat in selected areas
to the broader and more elusive goals
of ecosystem management and resto-
ration, which require managed and/
or natural floods (NRC 1992, Poff et
al. 1997)? After a century of drain-
ing wetlands for agriculture, pre-
venting floods with levees, and main-
taining water levels for navigation
with dams, relaxation of constraints
on both high and low water levels is
a radical idea.

Managed flooding usually in-
volves re-creating seasonal flooding
patterns to benefit flood-adapted
plants and animals or to restore
flood-dependent geomorphic fea-
tures, such as riparian beaches val-
ued by humans (see Schmidt et al.
1998). In the Illinois and upper Mis-
sissippi Rivers, management also in-
volves prevention of flooding: Low
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levees are used to exclude unnatural
small floods that occur during the
summer growing season. Gates in
the low levees allow the river to enter
in the fall to benefit migrating water-
fowl—if the river does not oblige,
pumps are used to create the fall flood.
It would, however, be prohibi-
tively expensive to adopt the same
techniques (levees, gates, and pumps)
to manage the spring flood to restore
slower, more natural rates of rise
and recession. The spring flood typi-
cally rises higher than the fall flood,
so expensive, high levees would be
required to control it. In addition,
existing flood-protection levees else-
where would have to be raised to
compensate for increased flood
heights caused by the new levees,
which would reduce flood storage
and conveyance capacity on the
floodplain. Although new high levees
are not likely to be built, several
existing levee districts with high
levees have been acquired from will-
ing sellers by conservation organiza-
tions and by state and federal natu-
ral resource agencies. (A levee district
is an administrative unit consisting
of the lands enclosed within a system
of levees. Districts have legal author-
ity to tax landowners to maintain
the levees and internal drainage sys-
tems and to pay pumping costs.)
There are contrasting views about
the maintenance and operation of
both low and high levees. Some re-
source managers feel that reconnect-
ing rivers and their floodplains
should be considered only if unnatu-
ral fluctuations in river flow and
unnatural loads of sediment, nutri-
ents, and contaminants in the rivers
are reduced to levels that existed
before European settlement; other-
wise, the floodplain wetlands will be
irretrievably degraded. They further
argue that because that level of re-
duction will never occur so long as
most of the watershed is used for
agriculture and boats resuspend sedi-
ments in the main channel, recon-
nection is not a feasible option, now
or in the foreseeable future. There-
fore, the high levees should be main-
tained to keep polluted and sedi-
ment-laden river water out of
floodplain wetlands altogether, and
the low levees should be used to
exclude the unnatural small summer
floods. However, we do not believe
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the situation is so hopeless and offer
several alternatives to isolating the
floodplain from the river.

Adopt an ecosystem perspective. An
ecosystem perspective can reveal
opportunities to restore ecosystem
structure and function that might be
overlooked by traditional natural
resource management and engineer-
ing approaches. Engineering focuses
on controlling the natural resource
to provide for a particular human
use. Control, risk minimization, and
consistency (e.g., consistent water
supply) are important objectives.
Some resource managers may be pro-
duction specialists, who seek to main-
tain or enhance production of par-
ticular renewable resources (wildlife,
fish, and timber) for commercial or
recreational uses.

By contrast, the systems ecologist
and geologist seek to understand the
natural system and its history, rather
than focusing at first on practical
human use. Some people often won-
der why such information is even rel-
evant, beyond hydrological records
that can be used to establish design
criteria for levees. The past is rel-
evant because restoration or natu-
ralization involves returning an eco-
system to some approximation of a
historical or prehistorical reference
condition. Some people see this ob-
jective as regression, rather than
progress, and some resource manag-
ers regard it as either impossible,
because they believe the natural sys-
tem is irretrievably altered, or unde-
sirable, if the altered system yields
more fish, game, or timber per acre.
However, if the social goal really
includes restoration, rather than just
a consistent yield of consumable
products, and if there are no unal-
tered contemporary rivers for com-
parison, then the past furnishes a
guide for design and a standard for
performance.

Another persuasive argument for
adopting an ecosystem perspective
and investigating the past is that by
understanding how the natural sys-
tem worked we better understand
not only what needs to be done now,
but also how to do it in a cost-
effective way. The system sciences of
ecology and geology identify the
master variables that control the eco-
system (e.g., the water and sediment

regimes in rivers) and describe cause—
effect pathways. Once these path-
ways are described quantitatively,
predictions can be made about the
effects of alternative management
scenarios, including long-term sys-
temic effects. Such analyses may re-
veal new, cost-effective approaches,
even in cases in which management
objectives are species specific (i.e.,
they enhance habitat for a particular
species or group of species). A gen-
eral principle of systems is that rela-
tively small expenditures of energy
applied through appropriate controls
can cause disproportionately large
shifts in energy fluxes or other pro-
cesses. For example, a river expends
huge quantities of energy moving
water and sediments, but only a rela-
tively small amount of energy is
needed to place rocks in such a way
that the river will subsequently de-
posit sediments and build an island
downstream of the rocks. The island
can serve as a breakwater that shel-
ters submerged aquatic plants from
waves. Eventually, trees can grow on
the island, increasing its effective-
ness as a windbreak. It is cheaper to
“grow” an island in this way than it
is to build one entirely by dredging
up sediment.

An ecosystem perspective is also
useful in understanding patterns in
contemporary, altered rivers and
devising more effective management
techniques. For example, the effect
of dam operations on the water-level
regime can be put to good use in
selecting sites for preserves. Dams
stabilize water levels during the sum-
mer low flow at some locations
within the reaches between dams,
and they destabilize or even invert
the natural pattern elsewhere (Fig-
ure 7; Sparks 1995). A moist-soil
management unit for waterfowl
should therefore be located where
the water levels are stabilized and
small summer floods are unlikely to
occur. It might even be possible to
use navigation dams to manage the
water levels for moist-soil plant pro-
duction over a larger portion of the
river reach. In contrast to sedges and
other moist-soil plants, bottomland
hardwoods should be restored well
upstream of the influence of the dams,
where water levels drop sufficiently
to provide the greater unsaturated
soil depth needed by these trees (Fig-
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ure 6). [t would be more expensive to
build up the land elevation for forest
restoration by dredging or hauling in
soil. It also would be more expensive
to locate a moist-soil management
unit where higher levees and bigger
pumps are needed to counteract the
water-level fluctuations caused by
the dams.

Define the problem and the scale. An
ecosystem perspective can help to
separate symptoms from causes and
reveal the larger and longer-term situ-
ation in which preserves and refuges
are embedded. If low levees and
pumps are necessary to exclude un-
natural small floods and to re-create
the fall flood, it is important to ask
what causes the small floods and
what can be done at the system level
to reduce them. If the operation of
the navigation dams causes the sum-
mer spikes (as seems to be the case;
Figure 7), then modifying the opera-
tion of the dams is far cheaper than
building more leveed compartments
on the floodplain and operating gates
and pumps. However, if upland
drainage and channelization of tribu-
taries create the small floods in the
main river by speeding runoff down-
stream, then water retention capac-
ity in the watershed should be in-
creased, slowing the water flow.
Creation or restoration of wetlands
in the watershed and dechanneli-
zation of tributaries might cost more
than building leveed compartments
on the floodplain of the main river,
but the wetlands and dechanneli-
zations would also reduce the loads
of sediment, nutrients, and contami-
nants carried down tributaries to the
main river. Another possibility is to
operate the navigation dams to ac-
tively counteract small floods deliv-
ered by tributaries, instead of merely
avoiding dam operations that create
fluctuations. Such active manage-
ment could dampen water fluctua-
tions immediately, whereas water-
shed and tributary treatment will
take decades.

An even more fundamental ques-
tion than the source of the small
floods is whether the contemporary
water regime or the sediment regime
is the greatest stress on the flood-
plain-river ecosystems. The best an-
swer for now is that both need to be
addressed, but the question merits
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Figure 9. The confluence of the Missouri and Mississippi Rivers just upstream of St.
Louis during the 1993 flood. The Missouri is left of center, with the banks delineated
by trees; the Mississippi is to the right, with commercial barges tied to the banks.
The levee held in Wood River, IL (the city in the foreground). Lock and Dam 26 is
just downstream of the bridges visible in the middle distance on the Mississippi at
Alton, IL. The lock and gates are visible, but the dam is completely submerged. Some
of the water from the Missouri took a shortcut across St. Charles County, MO, into
the Mississippi upstream of Dam 26. Photo: Surdex, Inc., St. Louis.

more analysis; otherwise, too much
may be spent on reducing one stress
and not enough on the other. It is
important to determine how much
of the sediment is eroded from the
beds and banks of the tributary riv-
ers as a result of delivering more
storm water at unnaturally fast rates
from both urban and agricultural
areas. The unnatural water regime
contributes to the unnaturally high
rates of channel erosion in tributar-
ies and sedimentation in backwaters
of the mainstem rivers. Traditional
soil conservation measures are un-
likely to ameliorate this water man-
agement problem.

Although the detrimental effects
of excessive sediment on aquatic eco-
systems are well documented, both
the public and policymakers need to
understand that erosion and sedi-

mentation are natural processes in
alluvial rivers and that many of the
attractive natural features of the Illi-
nois and upper Mississippi Rivers
are products of sedimentation. For
example, Lake Pepin on the upper
Mississippi and the lakes at Peoria
on the Illinois River are natural lakes
(although lake levels are now higher
because of navigation dams) created
by tributary deltas that dammed the
main rivers. Although the deltas ap-
pear to be static, they were and are in
a dynamic equilibrium, with sedi-
ment delivery by the tributary bal-
ancing sediment transport by the
main river. Some degree of sedimen-
tation is useful because it can be
harnessed to create and maintain
desirable features, such as the is-
lands mentioned above or natural
levees where native pin oaks and
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Figure 10. Plant diversity and productivity on floodplains are regulated by flood
frequency, timing, and duration, which are determined by land elevation (diagrams at
left) and flood regime (hydrographs at right). Zones A, B, and C are at progressively
lower land elevations and support plant communities represented by pin oak (Quercus
palustris), cottonwood (Populus deltoides), and softstem bulrush (Scirpus validus),
respectively. In the past (1892 hydrograph, Illinois River mile 43), all zones were
represented in the floodplain, and the low, stable water levels of midsummer allowed
forbs and grasses to grow on moist soils and submersed aquatic vegetation to grow in
permanent lakes. At present (1983 hydrograph), the low water elevation has been
permanently raised 1.6 m by navigation dams and water diversion, flood peaks are
higher, and small-scale fluctuations are more frequent. Relatively small water level
drops in winter kill fish, and small rises in summer drown moist-soil plants. The pin oak
community survives only on the remaining highest terraces. If current trends continue
(Future 'A'), then flood heights and short-term fluctuations will increase, eliminating
Zone A. Sedimentation will raise the floodplain, but excessive water-level fluctuations
will inhibit most native plants. If steps described in the text are taken to smooth the
hydrograph (Future 'B'), then all three zones and their associated native plant commu-
nities could recover. The smoothed hydrograph would be superimposed on a higher
base water level (maintained by the navigation dams), but sedimentation would raise the
floodplain elevation so that the topography and plant communities would come to
closely resemble those of the past (1892).
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Simply reducing sediment loads
without naturalizing the water re-
gime will not maintain or restore
plant communities and the animal
populations that depend on them
(Figure 10). The water regime may
be even more critical in terms of
plant biodiversity: If the water re-
gime is naturalized and summer
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floods are reduced, mudflats that are
exposed during low flows can be
colonized by moist-soil plants (in-
cluding the decurrent false aster,
which is federally listed as threat-
ened). If the water regime is natural-
ized only within isolated compart-
ments on the floodplain, then the
moist-soil plant community is main-
tained but migratory fishes have dif-

ficulty getting in and out. An ecosys-
tem perspective and a fundamental
understanding of the hydrology of
floodplains can help to resolve this
dilemma because it is possible to use
natural mechanisms that once pro-
tected the floodplain lakes from ex-
cessive sedimentation to keep sedi-
ments out while fish are let in.

Use natural protective mechanisms.
Simply looking at pre-1900 maps of
the Illinois and upper Mississippi
Rivers reveals much about the de-
sign and functioning of the predam
rivers that could be applied to river
restoration today. First, backwaters
and floodplain lakes were much
smaller during the low-flow season
than they are today (because the navi-
gation dams do not allow the river to
drop as low as it did naturally), so
that winds did not blow over large
expanses of water and build large
waves that resuspended sediments.
Because the permanent aquatic areas
were much smaller, more of the flood-
plain was occupied by trees and other
terrestrial plants that served as wind-
breaks and anchored the soil during
spring floods. Therefore, even though
the water surface area expanded
during the flood, waves were not as
severe a problem as they are now.
Second, many of the permanent
aquatic areas on the floodplain were
connected to the river by only a sinu-
ous channel that passed out the
downstream end through marshes
into the river. Other aquatic areas
were relatively far from the river,
close to the river bluffs, and had no
direct connections to the river dur-
ing low flow. The river did not pour
suddenly into either of these two
types of aquatic areas during typical
spring floods, nor did it run through
them from upstream to downstream.
Rather, the river backed up slowly
into the water bodies (which explains
why they are called “backwaters”),
passing through channels and wet-
lands that tended to trap sediments.
Not only were sediments removed
by filtering and settling, but also the
sands carried along on the bottom of
the main river channel (the bed load)
did not enter the backwaters because
the water was effectively decanted
off the top of the water column. In
other areas, such as side channels, a
portion of the river flow did pass
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through from upstream to down-
stream, but many of these channels
were also self-scouring.

Third, many of the wetlands and
lakes filled with clear water before
the river ever got to them (Kofoid
1903). The same phenomenon oc-
curs today in five of the six large
floodplain-river ecosystems investi-
gated by Mertes (1997), including
the upper Mississippi. In the rain or
snowmelt seasons, backwaters and
lakes on the floodplain start filling
with water from a variety of sources:
rainwater that falls directly on the
lakes, overland runoff from the high-
lands and local watersheds, tribu-
tary water, and rising groundwater.
The quality of the water depends on
its source: Lakes with silty tributary
inflows are not as clear as lakes that
fill with groundwater and rain. Once
these areas fill with relatively clear
water, it is difficult for silty water to
enter from the river. The process is
rather like trying to put more water
into a bottle that is already full. It is
no problem, however, for fish to
swim through the so-called perirheic
zone (sensu Mertes 1997)—that is,
the mixing zone where river water
meets local floodplain water.

Thus, historical investigation and
contemporary comparisons of large
floodplain-river ecosystems both
suggest that rivers could be recon-
nected to their floodplains without
degrading wetlands and permanent
aquatic areas if the areas prefilled
with clear water and the river backed
in slowly through filtering wetlands.
But in this case, again, the water
regime is paramount: If the river
rises too high and too fast, filtering
and hydraulic damming may not
occur. If the flow regime in the river
cannot be naturalized before the
floodplains are restored, it will prob-
ably be necessary to retain some con-
trol over the flooding pattern in
floodplain compartments. The high
levees around levee districts that are
acquired for restoration should be
left in place, but gates should be
installed so that when the interior
water level approaches that of the
river, fishes can move freely in while
most of the sediment is kept out.
During recession of the flood, the
gates can be used to prolong the
flood and lower the water level slowly
inside the levee district, allowing adult
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fish to spawn and their young to grow.

The gates could also be used to
protect the levees from great floods
at far less cost and risk of failure
than heroic emergency measures,
such as sandbagging. The major dam-
age to levees during great floods oc-
curs when the levees are overtopped
or breach and the water rushes in,
creating a scour hole and carrying
earth from the collapsing levee well
into the levee district. Gates can be
used to equalize the water levels on
both sides of the levee as the flood
crests. Even if the levee were to go
under water, there would be far less
damage because there would be less
scouring. Moreover, a levee district
used in this way can help to take the
crest off a flood, reducing damage
elsewhere. Finally, gate-equipped
levee districts that are no longer used
for agriculture would be ideal places
to conduct manipulative experi-
ments, to design and test the protec-
tive mechanisms described above,
and to quantify relationships between
water regimes and the structure and
function of floodplain ecosystems,
thereby improving both the science
and practice of floodplain-river res-
toration.

Manage adaptively. Adaptive man-
agement is an essential component
of ecosystem management and some-
thing that all natural resource man-
agers should be doing: That is, they
should adjust their management sea-
sonally or annually to the current
environmental and biological condi-
tions and in response to new social
values and new scientific informa-
tion and knowledge. Adaptive man-
agement recognizes that the struc-
ture and function of natural and
restored systems vary across space
and time; indeed, that variation (dis-
turbance regime) is required to main-
tain many ecosystems. Planning and
engineering to incorporate this vari-
ability requires change on the part of
management agencies, whose historic
missions have generally involved re-
ducing variability (in such things as
water supply, channel positions of
rivers, and supply of fish and game).

The general principle of adaptive
management is to let nature “have a
say” in setting the management
schedule and annual objectives.
Adaptive management does not mean

“hands-off” or no management, but
it does mean “going with the flow”
and making adjustments, rather than
adhering to a rigid practice or sched-
ule. These annual adjustments are
best done in the context of a strategic
plan that includes contingencies. For
example, if a given year turns out to
be a drought year, then it might be a
good time to let backwaters along a
river dry out and sediments com-
pact, rather than erecting temporary
dikes to maintain water levels. Com-
pacted sediments are less prone to
resuspension by wave action when
reflooded and, consequently, pro-
vide better substrate for wetland
plants and animals. A drought year
also might be a good time to estab-
lish trees on the floodplain, such as
bald cypress (Taxodium distichum).
Cypress seeds will not germinate in
water, even though the saplings and
mature trees are flood tolerant. At
the other extreme, a year with a
protracted major spring flood might
be a good year to manage a low-lying
floodplain area for fish recruitment
instead of production of moist-soil
food plants for waterfowl.
Adaptive management is predi-
cated on the resistance and resilience
of species and ecosystems to a natu-
ral range of variation and on the
preservation of a sufficiently large
area that most species’ habitat re-
quirements will be met somewhere,
if not on the same site every year.
Adaptive management is also based
on the recognition that maximum
diversity is often associated with an
intermediate level of variation in en-
vironmental factors (the Intermedi-
ate Disturbance Hypothesis; Connell
1978) and that some ecosystems and
species are maintained by disturbance
regimes. For example, floodplain veg-
etation is maintained by moderate
seasonal floods and occasional great
floods and droughts (Sparks 1996).
There are exceptions to the general
principle of allowing a natural range
of variation to occur, of course. For
example, a threatened species that oc-
curs in only a very restricted location
can be exterminated by a disturbance.
When implementing adaptive
management in the context of floods,
there should be decision thresholds:
Once a flood lasts beyond a date that
is optimum for moist-soil plant pro-
duction, then management of the
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refuge should shift to the fish-re-
cruitment objective. The same flood-
plain area might be used to take the
crest off a record flood that threatens
a city. In this case, hydraulic services
(flood conveyance) would occasion-
ally take precedence over all other
management services, although it
certainly would be possible to add
some environmental benefits (e.g., fish
recruitment) to flood conveyance.

Capitalize on natural experiments.
Large, infrequent disturbances, such
as record floods, are special cases
that should be regarded as natural
experiments. Plans should be made
in advance to provide the extra ex-
pertise and effort from the state,
regional, or national levels to assist
sites that experience a great flood,
drought, or other major, infrequent
disturbance. Management and sam-
pling objectives should be adjusted
in response to the event, so as to
document and quantify both the
event itself and its ecological effects.
Resources must be allocated to fol-
low the recovery and adjustment pro-
cess. Off-site effects of the distur-
bance might be documented as well,
to answer stakeholders’ questions
about beneficial and detrimental ef-
fects of natural and restored sites.
Stakeholders are often worried about
the effects of the site under extreme
conditions, not under average or typi-
cal conditions. For example, ripar-
ian zones that have been revegetated
with native riparian plants that sta-
bilize banks and retard flood flows
can back up water during a major
flood, in comparison to a denuded
or revetted bank. Downstream stake-
holders might be pleased that flood
crests are reduced and desyn-
chronized, but upstream stakehold-
ers might be fearful that water will
be backed up onto their property to
a greater degree than would have
occurred with the channelized stream
and denuded riparian zone.

Conduct management experiments.
Adaptive management goes beyond
opportunism, however. Site manage-
ment should promote both the sci-
ence and practice of environmental
engineering and ecological restora-
tion through experimentation. A sci-
entifically based management experi-
ment is not at all “trial and error.” A
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management experiment begins with
the best available knowledge and
develops questions to be answered
or hypotheses to be tested. In other
words, there is some conception of
how things might turn out, but there
is also a degree of uncertainty. If the
condition of the site prior to degra-
dation is known, the prior condition
can be used as the management goal
or target for restoration. It is always
useful to develop a conceptual model
(consisting of simple diagrams and
descriptions) of how the ecosystem
works, and it may be worthwhile to
go one step further, to a simulation
model. Both types of models will
help to identify information gaps and
guide planning and sampling design.
The master variables (e.g., the water
regime) that strongly influence the
site should be identified and mea-
sured for the purpose of quantifying
cause—effect relationships. Key indi-
cators (species or communities)
should be identified and their ex-
pected responses described.

Experimentation does pose some
risk, so initial experiments might be
done on small areas. If the question
can be answered only by utilizing a
large site, then it should be designed
so corrective action can be taken if
early warning signs appear that the
experiment is harming the site. If, on
the other hand, early results are en-
couraging, the treatment can be con-
tinued or even expanded.

Monitor and assess. Management
cannot be adaptive without infor-
mation about the current status and
trends in the key driving variables
(e.g.,the sediment and water regimes)
and the indicators of interest (e.g.,
the population status of key species).
A management experiment is worth-
less without data to show whether
the hypotheses were rejected or ac-
cepted. Failure is instructive, so long
as sufficient information has been
gathered to understand why the fail-
ure occurred. Similarly, little is gained
by success if the reasons for success
are not known; it may be impossible
to extend the results to another site,
or even to repeat them at the same
site. Worse, there may be little con-
fidence that the success was trig-
gered by the management practice
and not by some natural change that
was unaccounted for.

Use the expertise of fluvial geolo-
gists, systems ecologists, economists,
and sociologists. The longer-term and
larger-scale perspectives of the flu-
vial geologist and systems ecologist
are essential to understanding how
large floodplain rivers work, what
successional changes are occurring,
and what restorative actions are
likely to be effective (White 1977,
Petts 1984). Economists and soci-
ologists also have important roles
because they investigate what people
value, what ways to achieve those
values are acceptable, and how con-
flicts and contradictions can be re-
solved. Achieving restoration objec-
tives involves social consent to some
release of constraints to achieve a
natural range of variability. Although
stabilized rivers and reservoirs pro-
vide many human services, including
water supply and outdoor recreation,
maintenance of a functioning flood-
plain-river ecosystem and its full
complement of species requires some
degree of floodplain-river connec-
tivity, seasonal flooding, and topo-
graphic diversity (Heiler et al. 1995,
Lubinski 1995, Ward and Stanford
1995). Determining just how much,
when, and where is both a key area
of research in floodplain-river ecol-
ogy and a focus of public debate.
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